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The map would ‘ve additional knowledge of the free- 

obvious that many cases occur when the free-air condi- 
tions can not be accurately judged from sea-level data. 
These often occur a t  times of stormy weather when pilot- 
balloon observations are not available. Such times are 
likewise trying to the aviator, and it is then that he 
wants the most reliable advice. 

It is believed that t,hese maps will eventually have 
ficance for general forecasting because of the close 

r sY ation between free-air conditions and certain hases 
of surface weather, precipitation, cloudiness, a n 8  tem- 

air winds. From t f? e examples given in this paper it is 
erature. If these maps axe found useful in the eastern 

fJnited States and those tentative plans which have been 
suggested above for attacking the pleateau are found 
fruitful, there is the encour ng possibility that,we may 

to coast with a weather map of three dimensions. This 
may not be a universal panacea for all forecasting ills 
but it will a t  least afford a glimpse of the ph sicai 
processes at work, and lift u8 from the annoying Asap- 
pointments of em iricism a little nearer to that ultimate 
goal toward whic % all st.udents of wea.tlier forecasting are 
striving. 

realize an ambition to blan T et our country from coast 

J. BJERKNES AND H. SOLBERQ ON THE LIFE CYCLE O F  CYCLONES AND THE POLAR FRONT THEORY OF ATMOS- 
PHERIC CIRCULATION.‘ 

By ALFRED J. HENRY. 
[Weather Buimu, Washington, n. C., Nowmber 3, 1BP.l 

These two young Norwegian meteoro1ogist.s have our 
best thanks for the clear presentation of t,heir views on 
that perpetual1 interesting question of the origin and 

the REVIEW have had some intimation ol the research 
work in forecasting that is bein conducted at the 

the August issue.2 That article will serve tls a prelude 
to the more formal presentation of t,he subject in the 
pa er under review. 

%e elder B’erknes, from a stud of meather charts on 

siderations, was led to a theory of the formation of cy- 
clones and anticyclones, the erms of which, according to 

and Helmholz. The latter in a paper on Atmospheric 
Motions3 has shown that thore is always a tendency to- 
ward the formation of B surface of discontinuity between 
air strata of different density which lie contiguous one 
above the other, and that at the bounding surfaces of 
such strata the conditions me ripe for the format.ion of 
atmospheric waves as soon tis a lighter stratum lies above 
a denser one. 

Professor Bjerknes has develo ecl these ideas und 
applied them to the ex lanation o P the origin and main- 
tenance of cyclones an$ anticyclones. 11ie air strat-a of 
different density most fre uently met in nature are the 
two great currents, one lowing toward the Pole, the 
other toward the Equator. In n sense thesc are the coun- 
ter currents of Bigelow and the o posing currents of 
Dove. How these currents act unft react to forni 2y- 
clones and antic clones is erhaps best visualized from 
a drawin 
“Idealize % cyclone.” This diaoram appeared in the 
August REVIEW, on page 404. f i e y  describe the princi- 
al features of the cyclone as consistmg of two essen t i d y  

h e r e n t  air masses, the one of cold, the other of warm 
origin. The two air masse3 are separated by a fairlj 
distinct boundar surface which runs through the cy- 
clone and whici the authors believe may continue 
more or less distinctly through the greater part of the 
troposphere, being everywhere inclined toward the cold 
side at a small angle with the horizontal, say 1’ or even 
0.l0. . 

maintenance o ? cyclones and anticyclones. Readers of 

Bergen Geophysical Institute from 5 liss Beck’s paper in 

which lines o .( flow were depicte B and from other con- 

his own statement, are to be B ound in the writings of Dove 

w h i d  the autiois P present under the title 

~ ~ 

I GcoJWake ?wdikdow, Vol. 111, No. 1: Iiristi3nin, 1922. 
, 

’ 

Pagea 88EIMo. 
8 The mechanics of the earth’s atmosphere. A cdection of translations by C. -4bbe. 

Smitlimmn CWletMom No. 8.4% 

In the Northern Hemisphere the waim air is conveyed 
l.y a southwesterly or a westerly current on the sout,hern 
side of the depression.‘ 

,4t the front of this current the wwm air ascends the 
wedge of colder n.ir and gives rise t.0 precipitation (warm 
front rain).5 

The warm current is simultaneously attacked on its 
flank by cold J r  masses from the rear of the cyclone. 
Thereby part of the warm air is lifted and precipitation 
is formed (cold front rain).’ 

THE LIFE CYCLE OF CTCLOZEB. 

The authors say that the more recent. investigations 
have shown t,hat the type OI cyclone above described 
represents a certain stage of development. in t,he life of a 
cyclone. The successive clitmges in form and structure 
are schematically shown in Figure 1, in which type c or 
d corresponds to the “ ideal ” cyclone mentioned above. 

In the earlier stages the smiie cyclone has the structure 
shown in a. arid 7, and i t  will successively pass throu h 
the forins e, f, 9, and h of Figure 1. As inay be seen % y 
that figure, the initial stage of forimtitm is pictured in (G 

wherein two oppositely directed currents a cold easterly 
(from the east) adjacent. to and on the same lerel with a 
warm westerly (from the west) is separat,ed by R nearly 
straight boundary. 

At the place where the new cyclone is to be fornied 
this oricrinitlly straight. boundary bulges out toward the 
c(J1d si& as in b, aiir~ the center of the cyclone will be 
found at the top of the projectina tongue of warm air. 
The tongue of warin air is ident-icay with the warm sector 

’cone, and the ascendin air from this warni 
c?o:nis the “warm front ’’ rain and the “cold 

front” rain shown in c und d, respectively. This newly 
formed cyclone follows t,he current of warm air eastward 
ltlld is propagat,ed as a wave on the boundary surface 
between warm and cold air. 

During t.he eastward motion, the amplitude of the 
warm ware increases (in a horizontal N-S direction as in 

4 For the eastern part of the United States I should sav that this spedAoation should 
be modifled to read the warm current is conveved by a sbuthwesterly to a southeasterly 
current on the mithern or Pastern side of the depression-EDITOR. 

0 ThLs is of aurae, a very generrliEed statement to wMch there cue many exceptians 
50 far as &I itation is concarned. In the casa of a shift of the wind born offshore to on! 
shore, &en t ie  land surface Is ulte cold pred itation miin regardless of the positlon 
of the cyclone canter, partlcidv along the MPddle Atlantlc wast.-Eolros. 

8 In the United State3 cold front pr~clpitatlon IS not strongl marked in wuter except 
as snow aurries in mountaln districts and on the lee shors~ orae  Qmat ~ s k w .  in Hun- 
mer however the preeipitatron of a cvclone may be Collflned to cdd front &, whwh 
in d m y  c a d  is clearly assoclsrrd with the “wind shUt” line in the mX-EmTOR. 
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Figure IC). Cold air curves around the northern end of 
the warm air and arrives in the rear of the cyc.lone as a 
northwesterly wind. This ty e corresponds to the pre- 

the further increase in amplitude (Fig. Id)  the tongue of 
warm air narrows laterally, especially rn the southern part 
of the cyclone. Finally as in Fi ure l e  cold air from t.he 

of warm air. In  t!Ilis phase the c clone is said to be “ se- 

the center, also soon disap ears so that the cyclone on 

this type the authors have chosen the term “occluded” 
cyclone. At the place where the warm sector disap- 
peared, a boundary line persists for some time between 
the cold air from the rear and the front of the cyclone, 
respectively. Finally this boundary also disappears 
Figure lg, and the cycione becomes a nearly symmetrical 
vortex of cold air. The large zones of continuous rain 
have then disappeared and precipitation occurs only as 
intermittent showers. These conditions then persist un- 
til the cyclone is wasted awa . 
-from  it.^ origin to the moment of occlusion-the warm 
air is lifted by the two wed es of cold air as they gradu- 
ally approach each other. %‘his process transforms part 
of the potential energy of the initial system into kinetic 
energy and from this fact the authors predicate the fol- 
lowing rule: All cyclones which are not yet occluded have 
increasing kinetic energy. This is exemplified on the 
weather maps by an increase of wind force and usually a 
deepenin of the depression. When a cyclone is found 

forecast with great confidence that it will deepen. 
After the two wedges of cold air have met on the ground 

the still existing up er warm sector will be further lifted 
by the cold air untxi t  is cooled adiabaticall to the tem- 

As long as this stage has not been reached, kinetic energy 
wi l l  be gained by the process. Later, when the cyclone 
has become a homogeneous air vortex, it has no store of 
potential energy, and the existing motion can only be 
maintained by the inertia of the moving air-masses. 

E’rom the moment of occlusion-that is, when the cold 
air on the ground in the front and rear of the cyclone 
‘oh-portions of the cold air must also begin to rise. ks ascending motion is, however, not directly due to 
gravity. “he adiabatic coolin will soon make the as- 

on the same level, so that the force of gravity will coun- 
teract the ascendmg motion of the cyclone. The kinetic 
energy of the cyclone from that movement is used to 
pum the cold air upward against gravity, a process by 
w h i 8  the system loses kinetic energy. Thus in the inter- 
val of time just after occlusion kinetic energy is gained 
in the higher layers and lost in the lower. The first 
process, however, will stop just as soon as the upper 
warm sector reaches the layers having its own potential 
tem erature, and the effect of the second process will 
hAy alone determine the transformation of energy in 
the cyclone. Friction of air-masses favors the second 
process, so that the influences which cause kinetic ener y 

sion takes place. 
Therefore, the following precept: After the occlwion. the 

cyclone soon begins to,fill u.p. 
“he authors s eci6cally state that their considerations 

viously described “ ideal ” cvc f one. Simultaneously with 

rear joins the cold air in front an % thus cuts off the supply 

cluded.” The remaining part o 9 the warm sector, neai 

the ground consists of co P d air only. (Fig. 1 . )  For 

During the first phase of t E e development of the cyclone 

to be of t % e type shown by Figure 1 a, b? c,  or d it may be 

perature of air at the same level into whic 3: it ascends. 

cenrling column of cold air col % er than its surroundings 

to be transformed wil l  soon preponderate after the occ B u- 

of the problem l! ave been upon the supposition that the 
18004-L9 

warm and the cold air masses are se arated by sharply 

ideal condition that is never perfectly fulfilled-and, 
further, that no thermal boundary surface forms between 
the two wed es of cold air meeting each other at the 
occlusiQn of t E e cyclone. They are of opinion that so far 
as the mechanism of the cyclone is concerned it makes no 

defined boundaries or real surfaces o P . discontinuity-an 

e 

d 

Re. l.--[OrigiMl flg. 2.1 The “life cycle” of cyclones. 

great difference whether, instead of a real surface of dis- 
continuity, there exists merely a less accentuated bound- 
ary surface: nevertheless, the essential condition for the 
.formation of a e?yclone is the coexistence of cold air and 
warm air nmses adjacent to each other. 

POLAR FRONT. 

New cyclones usually form on thermal boundary sur- 
faces which run through an existing primary’ cyclone. 

7 The reviewer has taken the liberty of aubstitutlng ‘‘primary” for “mother” when 
thelatter appeamln the text. 
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The formation ma take place accordin to either of the 

The most common type is that shown in Figure 3. In 
that illustration the cold front boundary surface, the 
dashed line, has a northward inflection some distance in 
the rear of the primary cyclone; a situation similar to 
that illustrated in Figure l b .  With this initial impulse, 
however brou h t  about, it is easy to see that the results 

two schemes grap !L ically presented in bigures 3 and 3. 

figured in the 7 ower part of Figure 3 will follow. 

FIB. 2.--(Odginal f i g .  6.1 Formation of a secondary c clone simultaneously with the 
seclusion of the primery eyJone. 

Figure 4 illustrates the develo meiit of a series of 

connecting such a series of cyclones in the emperate 
Zone will separate the cold air of polar origin from the 
warm air su plied by the subtropical HIQHS. The 
boundary s J ace thus marks the southern limit’ of the 
polar8 air masses, a property which su gested the 

section with the ground “polar front. ” ‘&e polar front 
is conceived in general as a wavy line in continual 
motion through all latitudes of the Temperate Zone, 
bordering large projecting masses of polar and tropical 
air. 

The projections of tropical air form the warm sectors 
of newly formed traveling cyclones, and the intermediate 
projection of polar air form the moving wedges of high 
pressure between successive cyclones. 

o1a.r front.-The trajec- 

’ line which was distinct on previous maps. When exact 
measurements of air motion are not available, the gradient 
wind may be used as re resentative of the upper wind, 
which determines the dp isplacement of air masses and 
their mutual boundary surfaces; i t  should be borne in 
mind. that a cold front must move at least as fast as the 
horizontal flow of cold air behind it, provided it does 
not ascend. On the other hand, a warm front will usually 
move somewhat slower than the horizontal flow of air 
behind as the latter ascends the wedge of cold air in front 
of it. 

The absolute humidity of the air niny be used to iden- 
tify air masses and boundaries between different air 
massea in cases when insolation or radiation have effaced 
the thermal discontinuity. At stations on the sea coast 
the differences between the air tem erature over the sea 

the origin of the air. 
Temperature in the free air from kites or aeroplanes 

are also useful in the analysis of the polar front. 

lJ 
c.:yclones along the polar front. !F he boundar sui-face 

term “polar front surface” and according1 I or its inter- 

Suggestions a.s to 1oca.ting the 
tories of air may be used to fin B an indistinct boundary 

and over the land, respectively, may fl e used to determine 

. - -_ - 
8 The revlewer lnte rets the expresson “polar” air to mean any mass of air which 

forthetimebe is3derthanIt*surrounengs,re of ita appsrent origin. On e charts% do not include the Iugher h e i t  is not always possible to 
detarmm0 the origin af the BU streams portrayed on the map. 

THE CYCLONE FAMILIES. 

In a series of cyclones fornied on one and the same 
polar front, each cyclone usually follows a track lying 
south of that of the preceding cyclone. After a certain 
number of such cyclones the polar front reaches the region 
of the subtropical FIIQIIS, whence a steady transport of 
air takes lace through the trade winds toward the 
Equator. ?n some conspicuous cases the arrival of polar 
air may be observed as a sudden but slight decrease of 
the temperature of the trade wind, but usually the olar 
air soon amal amates with the adjacent tropicaf air. 

length of time and will e transferred into real tro ical 
air durin its stay in equatorid regions. The aut ors 

.from the rear of one cyclone enters t e trade iubds the next 
cyclone will ~ ~ u u l l y  appear on a more northern truck and 
follow a new polar front, which is not directly connected 

i The olar air t a us entering the trades leaves the c clonic 
circu P ation of the Tem erate Zone for a consi erable 

next lay % own the following prece t : When the polur air 
\ YJ 

K 

A and B c clones are formed relativel f a r  west of 

a t  the western coast of that Continent, whereas the C an 
D cyclones are formed nearer to Europe. Accordqly 
we may ex ect the A cyclone to vanis5 within the reaon 

c clone will pass farther to the eastward and the C and 
dcvclones still farther before they disappear. 

when the A cyclone vanishes the B cyclone becomes 
the foremost member of the family, when the B cyclone 
vanishes the C cyclone becomes the foremost member and 
so on. 

Althou h the single cyclone usually persists only about 
a week, t%e cyclone family may theoretically live indef- 
initely, since it is being renewed by the creation of new 
cyclones behind the vanishing ones. 

f Europe and i ave traveled for several days i efore arrivin 

embraced g y the Norwegian weather map, while the B 

@ Cf. Mo. WEATHER REV. 5 0  18-20. 
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FIQ. 3.--[Orlginal fig. 8.1 Formation of a secondary cyclone as a wave on the cold front oi the primary cyclone. 

FIB. I.--[Origlnal fig. 9.; The polar front through a series of cyclones. 
F- D 
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FIG. 5.-[Orlginal fig. 10.1 Cyclone Iamlllea. 
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THE POLAR-FRONT THEORY OF THE GENERAL 
ATMOSPHERIC  CIRCULATION.^^ 

The find part of the paper bears the above title with 
a separate aragraph upon eriods in the meteorological 
elements &e to cyclone families and moving anti- 
cyclones. 

The theory is given in the author’s own words as 
follows : 

The source of energy for the general circulation of the atmosphere 
lies-in the contrast of temperature between the polar and the equatorial 
re om. The system of motion whch.is comprised under the nanie 
ii(!?eneral circulation” tends to smoothe the contrast by bringing polar 
air to tropical regions, and vice versa. The simplest form of this 
system, a trade wind along the ground from olar to equatorial regions 
and a returning antitrade in the height, is on Egher latitudes impwsible 
on account of the effect of the earth’s rotation. The trades would after 
some travel southward obtain a strong westward component, which 

These currents will hinder each other from obtaini the great weat- 
east or east-west components which were to be e x p e c a  from the effect 
of the earth’! rotation. 

At the lirmt between a polar current and a tropical current to the e e t  
of it, the two currents are deflected from earh other, so that an air deficit 
results above the region of their mutual limit. The low- ressiire 
system, formed in that way, corres onds to a cyclone fami&. The 
cyclone family b thus a boundary p f k n n -  between the kft ank 
of a polar current and the adjacent tropical ament .  The single cyc e onee 
of the family transform the boundary between the two currents-the 
polar f ront in to  a complicated wavy curve which conetantly chan es 
ita form. Moreover, the polar current will contain wit@ iteelf all &e 
eddies of vanishing c clones, so that each polar air parhcle of n e c k t y  
performs complirate8motions before it reaches the Tropics. 

The formrbon of cyclones aa boundary henomena between a polar 
and a tropical current is one of the natural~rakea against the enormous 
east-west and west-east components, which &odd otherwise result in 
both currents. As soon as an easterly lar current and a wester1 
tro ical current become too strong, a cycrne forms between them an8 
ma!= the currents encroach upon each other, diminishing their differ- 

Fro. 6.+0dglnal fig. 12.1 General extratropical ciroulation of theatmosphere. 

would theoretically increme to 460 meters per second, if the travel 
to the Equator should be carried through. Likewise the antitrade 
would reach enormous eastward components on its travel from Equator 
to the pole. 

The ayetern of trades and antitrades may therefore only be established 
in low latitudes, where the effect of the earth’s rotation is etill moderate. 
In the Temperate Zone a more complex syetem of motion is established. 
The trade wind from the pole divides into different branches polar 
currents between which channele remain open to corresponding 
branchee of the antitrade-tropical currents. Thus the antitrade of the 
Temperate Zone appears not only as an upper poleward current but also 
m tropical currents on the ground. 

The particular polar currents will, when starting as norther1 currenta, 
tend to deviate into NE. or even ENE. currents; likewise d e  tropical 
currents deviate from southerly to SW. or WSW. currents. We thus 
have a ayetern of alternate olar and tropical currents beside each other, 
winding up spirally roun2Le earth’s axis. 

IoCf. aco/yr*ka Puhlikolloncr Vol. 11, No. 1. pp. &I-sS. 

enres of velocity. A lar air particle travelin8 from pole to Tropics, 
succ-essively comes u n g r  the influence of the differat cyclones of the 
family. Each cyclone deviates the motion of the particle from easterly 
to northerly or even westerly 80 that it again may advance Bome dia- 
tance toward the Tropics Athout obtaining too great a weatward 
velocity component. 

A second brake against the great west-east and east-west component 
acta where a polar current borders a tropical current to the emt of it. 
The two currents, owing to the earth’s rotation, will there rwa together 
80 that they hinder each other from obtaining the vegcitiea to be 
expected aa an effect of the earth’e rotahon alone. The mul t  of t h b  
preesing together a ears in an accumulation of air-massea above the 
region of the mutuafkmit of the two currents, or in the field of ure 
aa the formation of a HIGEI. This proceee represents the gene=* 
tion of moving antic clones: A movingunticycbnefonnsasa boundq 
phenomenon between i& right Jank of a polar current and the tropical to 

The moving anticyclone is thus formed between two e u c c d v e  
cyclone famihes and follows their motion from weat to east round the 

the west of it. 
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pole, Consequentl the antic clone moveu w i t h  the m e  speed aa !le 
cyclone f d e a ,  ?kt more d w l y  than the particular cyclones which 
during their exiatance move from the rear to the front of their family. 

PERIODS OF METEOROMQICAL ELEMENTS DUE TO OYCMNE 
F-S AND MOVINQ ANTICYCEONES. 

Disregarding the obstructions caused by the large con- 
tinents, cyclone families and moving anticyclones may 
be imagined to travel continually around the pole. 

This movement will produce a periodicity in the meteor- 
ological elements throughout tho Temperate Zone. 
Places far north will, for instance, only receive precipita- 
tion from the first passing members and places far south 
only from the last passing membem of a cyclone family. 
Places situated centrally in the cyclone belt, so tmhat they 
receive precipitation from all the cyclones passing, mill 
have a short spell of fair weather during the passage of 
the anticyclone which separates successive cyclone 
families. I f  the cyclone f d e s  perform perfect circuits 
around the pole," the length of the penods should be 
equal in all arts of the cyclone belt. They may, how- 
ever, be of ifferent le th in the two hemispheres, as 
the cyclone families nort and south of the Tropics form 
two independent systems. 

A count of the cyclone families passing over Europo 
in 1921 gives 66 as the total number. This would give a 
mean duration of 5.5 days, but the authors recognize an 
error of about 10 per cent. 

Various investigators have found short period fluctua- 
tions in the climatic elements; probabl the most thor- 

1909, a period of about 5.7 da s in the Northern and 
7.2 days rn the Southern Hemisp ere. The c clone fam- 
ily period of 1921 5.5 days, a ees so we with the 
precipitation period from 1909 r r  orthern Hemisphere of 
5.7 days that the two periods are considered as identical 
within the limits of errors. 

T x 

ough was that of Defant,la who found 9 or a single year, 

5 1 

DISCUSSION. 

ALFRED J. HENRY. 

The central idea in the foregoing is that cyclones are 
formed along lines of discontinuty which se arate masses 

underlying assumption is that the dense polar au is mov- 
ing westward immediate1 adjacent to a current of warm 

eastward. h e n  for any reason the warm 

ward moving polar air, the eater densit of the latter 

warm air to ascend, thereby producing cloud and rain. 
The condensation of water vapor and the latent heat thus 
evolved will augment the ascensional movement thus 
mechanically originated which, together with the modifi- 
cation of the origmal motion of the air due to the earth's 
rotation, will create a cyclone. This, in brief, is the re- 
viewer's understanding of the mode of origin of cyclones 
as advanced by the authors. The various changes which 
the cyclone undergoes in its brief c o m e  has been outlined 
in the pages precedin 

In mew of the fact &at the phenomena of cyclones and 
antic clones are at  best very imperfectly represented on 

of dense polar air from lighter air of tropica P origin. The 

air current "3 b ges to the northward intruding into the west- 

will cause it to flow along t r e ground an B to cause the 

wea ti er maps by surface conditions it must be assumed 

that the specifications hereinbefore presented should be 
considered as applyin to the conventional cyclone and 

cyclones and anticyclones as they enter Norway. 
Forecasters in the United States will be quick to recog- 

nize in the specifkitions hitherto'mentioned many fa- 
miliar phenomena in connection with the movement of 
cyclones and anticyclones. There are, however, some 
points of difference between the  ex erience of the Nor- 

of these have been mentioned in the series of footnotes 
appended to this article; others are not easily disposed of 
within the limits of a footnote. In what follows I shall 
refer to the most obvious differences between the lar er 
features of the Bjerknes scheme as contrasted with k e  
experience of forecasters in the United States. 

Latitudinal di erence8.-Undoubtedly the origin and 

clearly dehed  in &e latitude of Norway (north 58' to 
77') than in the United States. For the most part cy- 
clones and anticyclones which traverse the latter arrive 
on its frontiers as full developed systems of wind circda- 

over the southern and rmddle portions of the Plateau 
region in barometric troughs which ass across those 

mary cyclone, usin that term as synonymous with the 

States is a v e q  rare occurrence. 
Cyclone fumalies-The ability to foresee the occurrence 

of cyclones in families as contemplated in the Bjerknes ' 
scheme would be of very great significance in extending 
the forecasts beyond the conventional penod. For 
reasons indicated in the recedi paragraph it is not 

the charts of the United States Weather Bureau, but 
also, it seems highly improbable from the past experience 
of forecasters m this country that the occurrence of 
c clones in families takes place in the latitudes of the 
&tea States with sufficient regularity to make the 
precept of definite value in long-range forecasting; I* 

moreover cyclones at  times move southeastward from 
the Pacific to the Gulf of Mexico and thence northeast- 
ward to the St. 
Gulf of Mexico and move 
regard to the development and 
along the northern clrcuit. 
occur in groups and apparently have no relation to those 
of the northern @ups. 

Precipiiution.-The area of T i p i t a t i o n  in the 
advance of cyclones in the Unite States is rarely sym- 
metrically distributed around the front of the cyclone, 
but is irregularly distributed according to geographic 
position of the cyclone and the season. 
On the PacSc coast and in the Plateau and Rocky 

Mountain region precipitation occurs as a rule in the 
rear of the cyclone center instead of the front. On the 
immediate coast the winds of winter, as is well known 
are relatively warm as compared with those of the land, 
and the precipitation that is associated with the move- 
ment of the cyclone is of the orographic rather than the 
cyclonic type. In the Bjerhes type of cyclone the cold 
air to the eastward of the cyclone is made to curve 
around the north side of the cyclone and swmg in toward 
the center as a northwest wind. While this movement 
probably takes place in the conventional cyclone after 

anticyclone, or possiby f to the average of conventional 

wegian forecasters and those of the pr nited States; some 

development o f c clones and anticyclones are more 

tion. Secondary cyc T onest however,. frequently develop 

regions (from west to east). The dev s opment of a p i -  

A-cyclone of the B jerhmes terminology, in the United 

only difEcult to identify t E T  e A cyc one of each family on 

18 See footnote No. 8 OIL p. 470. 


